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1 

^* < k t-»**ffii-*J l i:*^ H U^f07D7H 

T*^Ei ! * 3 > ^ ^ H;'7 J - 1 ; n^vf- 

*»^fl9ir5e«-r*(defining)*feltJiflaEO#T«:yD 

7 + >^ts;i ; *707o * > m 1 Ri&ti 

aKSffi-f &-kt-i i &T<ommx' h-vvf-xtr 
h t'7«ii^7'f^>ni-t ; RtfyJ 
- > ^ Jim * $ 2 si&^a k rj£ s * a - k * a^-r * 

< 1 j£#(first chemistry) & #t$&-f & - 

U RlBS-a:«ii:* I »lRli5***l»<»2ftfl'(sec 

ond chemistry) k * & 1 KB 

^>it?r$iblC'a-g-1-^W*a2 i:EK'0*ft, 
[i*iS5] ') Tifxtf, US l&fr* MtiCt 
k* 2 toll:, RtBfct-x-y-r* 

[i«6) SSi jafl-©tt»**jLU * 2 
"t citric SIS ■f-^r W 2 fe&<0/*- 

[a»#« 7] 7^f-vn*it *»s ew»*Rj&-c7 

Iflf#*8] ia«H3*Rl&T»**ilfc7-f JUAB, 

[ffli*«9] ^-v^oi&xa^Ri&ttafcRjss 
it o y > &m i s r k * $ e> \z&irt %> 

1] 5§7C«* S h 'J^f-^^^^ftriethyl bo 
ron)T-*^>IS*Jl 1 0 l-I£«(75^v£o 

2] m 1 RlS»ttd t &K7/l>*;l'T5 

tr»*a i iztmw&o 

[«*?ai 5] 7d^^«-ALDII7d*^ 



2 

1 5 {Z%iWL<Djj& B 
[W*ai 7] 7D y *V^d*P VD^n-fe^^r-g-trll 
*S 1 5 KlB*©#tt. 
[»*® 18] r n y * > y"^*2g«14v - 'J > fcff* 

19] yn y * V ^*ra*lfl5)y n y * V y**m 

t #?U4*uwi \z%3 3 # rai s JeiiT tgs $ « & £ t i 

io [»*S2 0] £*LtefB*S« (spin-on) 
*-feD^£-g-trfS*:*l CEtO*S. 
[ffi*«2 1] «HWO#7LKA , 5 0%1 »)**v>|»* 
m. l Kie«o?jr£o 

[ft*«2 2] *-ALD7"DWC 
i <9^S<02p*S)5Kr^>YX<0#«j5 0 %- 1 5 0%©J¥ 

[ff*«2 3] fefeJId*. #&2. 5 

mm-r&zt ; >^ont, ae«y»*Rj6 

kRl&-t* - k *^.#1-^*«I1S&* 

[ifS2 5] eewaiSRiE**, ^ny>*i^s 

7-f^A*I^t5ii*^t4i*Jfi2 4 ICffiftO 
30 lU7>^^7^ift^-t^^t^«M2 5 U 

[IS*S2 7] a***a*RjcS^&«ru^ny>»« 
^JS7 4 ;va^^u^>*H££I£*i^ - t «: S ^ 

»jft*ftfcBP» (opening) ; »HP«B*rS6*i"& (def i 
ne) ffiHi Oil 3 > 7 * - v ;V & y - U > \ 

D^m^^tfR*S2 8 lCfS«C0*^c 
[itS3 2] *n>"7*-^;V3&v-U >^i^P V 
D^m^^tfll*?l2 8 H|S«£^«dto 
so [if*JB3 3 J »«147>f ^^^W^JKSMbftJi*^ 
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tf«*JH2 8 izumnm&o 

[f§#3fi3 4] 7^->^^2 0A~-10 0A«f 
^-^^•t*«*3®2 8KE«W>«a„ 

7 7* Is - V & 3 4 KK*©fl|jft. 

[R#«3 6] 7-f->^iffl9 7%J:l)i:iv^f 
a» 7#AU-->*£;fir1-&ffi#Ji3 5KfE*W>fll:&o 

lis 

£?L»*±«M6*Ji+o&«5 ; >^-^ 

m, &&Wh&iYMm\±*>h$>h$iMX'm2 o o aj-j.t<o 

[W#«3 8] AltftM^ 20A~100A^1 

[11*^391 ->-«; >^»^«**trffll*a3 7 C 

tl»*«4 0] v-'J >^l* s ffiii^#7t'fX 
<Ol550%~l 0 0%<7)ft/W?*^*1-*ffi*]S3 7 I- 

« i R&®)<r>mtii:&±1- z> £ 1 R 2 

[ffi*«4 3] *2RJB*attilft»«0#Trt-C*10 

[11*354 4] 7v #7 
4 3 HIB^O^jSo 

[f»*JS4 5] yn^^rV^Ti*, **«■->- 'J > ^« * 
®Bg-t^Ci:S"a-&i--&f|*Jl4 1 lclS*0*-ffio 

[0 0 0 1 ] 

M (alternating layer deposition; ALD)li5mRiji?Jg £r 

0SetCi3V>-C. #-?Ui±<Di^j3 >*-7'J r (conform 
al i ty)ALDH ©HH »= v - D > £ JfMt" * - t £ HI" 
<2> o 

[0 0 0 2] 

««14s J: r/#g#ttO (semiconducting)**** 

0« )J«3K* S ti , W 3 <3« iS *r ft Hi" * * * - > 



4 

ItZtiZo K(back end)J Sfcli&JUb-/ 

?>fi? HBlSli, iftSBSrILT, 

'J > * ■> X v 'J - r- H7 X (BPSG) 0)2. o ttmVtlB i tz 
l±f r ?xfW* h v'J fr- h (TE0S)liU!Ef4*<bJKJffi 
$ ft JtgMb^J&SI >*>f7*li, Mv^T, ^ 

*t$-T-vi;t£ft, -E-ftl-i^x iffeliJf ^JSit/TT-m 

£ KJ:oTJgj£3ft<&o 

[0 0 0 3] ^vv>JjdX(4, 9ra©E«/^->"t"i: 
O/n-^- >4i-cj>^e>53-8i£ft£o * 

m <o&m& i wmt-r *> * > ^ •/ n -t ^. * m&-r 

ho 

[0 0 0 4] ^vVJnXWffiHfJi, fa7*^-> 
WiR-lci »)»>iSnrv»4 2oO|fi*J103Kiffi, HZ XT 

[0 0 0 5] Y- \ 9. *>9 9 K 5 

\£rttz\t y u>*mft\zm t %-V[Pt*wfc? z><r>iz 
m-fhi.^ iz. vrtfzii n^>fitifi7t>r i ; 

lt, v > x v t =■ r >\> v >ms.mmr -? u 

[0 0 0 6] «tt/<«JTOfc*5>OfiMWfl-li» *»41£ 
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t4, R»*t*H«*.ur> \£7t3xvhi'>*-*mii-t* 

14, ^Jifilb^(MNx), «itl«lftf-*>CTiN), Sib* 
> 9 * (TaN) £ 4 tm-fb 9 >9X7->{m) -cf&& S it, 
Ztibli, =>>9 9 Y¥7-> 7>) & 
4 UfffeO^mtS' * V 7 ffl it £ 9 -f - > 7-t h fz 46 CO^T- 

10 0 0 7] ZtlbWZ-i ->y2fl?zi?7i tzlt 

>^i4, «i/»r, ib^ft^*BJ&ft£(cvD), ftattftfii 

&£VfpW)tp<DZ-l'9 h nv-f ?"U-v a >(elect 
romigration)*lljg-ta/wJ6lc, n>99 VttzliVJ 

7V>yme>&mi*. *M Kf fct4*-*-;w£$£l-c: 

[0 0 0 8] EH 1 45 4 U* 2 iZ7FZtl2>& ■? C jfmtt^* 

•j tji *s 4 y f /3?t»i'fi&<D7 -i-r-zmm-i-zz- 1 <4, 

fa7*^v>-jDlO h U>^i5ilf^7<D^mi^. 
i,ZX '0mmi~2*£2> o HI 14, fa7;^v-»yn-t 

si 2±njg«$*t, ttmm^x. mmmmmi 4 
±k, «f* l< \*jt&®.<n>mmL%L'^) 7 1 5 t&iz& 
isstt^o iosim^^'J r 1 5 14, ym^y-r- 1 4 o 
«iafci4fiiio**tt#3H-*, ±mmmmi 2 * 

[0 0 0 9] -7**14, Kl/Vf 1 6 £, ^fSfiOHE^^ 

* - > y - wfc&uM- > > ^-f £ <o Kffiffi £ ti 
So WI^#nsHMffi«tcj3V»T, H/^f-16li, x 

*U4, 2ocO*fe^iil 0, 1 2 BBK^JSSix&o -x-^-?- 
Xl-^ll 9 14. It Sift i' 14, ±SB«5»S1 OWlt 

&&frbWU t Zffim.V>=' > 9 9 hk*T<07K¥^*TO 
IC-f^- Kv^^^lltio /n- Fvx? 1 9 £il 
o/:aSL/;X7f^tt, hl/'/f 1 6©l£SB*»t>, 
T»j**teE*Mi 1 4 ^i, ?>9 9 YV7 2 Oim 

<o m 1 14, iS»5&KBKs*t4 i 3 k, ^o^-mm. 

■To 

[0 0 10] »s L<{4»«w»-c»ja:s*t4«tt5-f 
2 2 14, fim^iX7t7K¥43 4 0 f |iJIISla±T- 

3BJSESit*o ftStttCli* 9^^- 2 2 14, '>4<t(. 
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^*a^b»***. Sic, »3titaii3J:ir5/-K»*r* 
<^#£<, Fllx.14*, 7^^-2 2 14, Ti/TiN/Cu0 3)f £ 
-e-0 4^5ic«^T-l4, f-*>JIt4, Effi^it 

ft-?-* >i4, a»^<>j 7t Lttfti ; nxvmnis 

(4, &©iR©fcfc> KfcLT«fifc+ 

4. m<ommmmr-it. ? <i -r- 2 2 (4, mit9>9* 
4 fcutofb* >rx?>w) 7i-s*-®z>o mmm 
14, ffio/^y TttJlWttfliSitWic: fc*BSW-*-e* 
10 6% 

[0011] L^Lii 5 ^, 7-ft-22©3>*-v 
;V&H#I4, 1tffl$nTV^l)DXT-l4^f ICBjtf* 

?t*<^)^JSSo^/<y * u >^*<7)4 "5 £, %afit)*;+B 

^g(PVD){4, h W>f-1 &&£Xf-3>9 9 YM7 2 0 

O^M±iC, t fe^50A*S*-t4o 

f>, ^T^^i' M:b*M K^.<D^JS<0PVDI4, 7-*tf 

L, tfTJ^gBO+^^/fU-y^^l-io Wx.14*, 

h U>^i3 4:^*3 h#^!4, #«(O50A* 5 , => > 

* * h tf r 2 o o^sB* 4 zfmmzm-t&tzibiz, mo 
oa pvD^jgs-^*-r^c 

[0 0 12] ro/Fi^^f 7 7 , A^U-vlJ> 

C^dE^fLfc^'f KO?gv»T^^* hibwJS^T-^^o 
h VTe>7X'<9 hit 14, (SU*j"*- 4^?XI4 
ig^Oibt LTMSnio fa7Kv> - /3>^ 
h U>^1 Gisiy-'nv^^ HfT2 014, 
30 iiflO, 1 2 CD2ocDl^;V£-;ioTPJ3t 

L, ^(Dfe*, tf72 0Oti*7X^^ hJt;l4*#»= 

[0 0 13] «ffl^nxv^^#7'D-tr^l4, tt>(r4:9 

v -?ii^\s-V{n*>, 7 4-n> K4fc«4* 

fsi*^ u - v c«+ i> wmm<o&) c * o pvd 

^#TW^|p]t4tC4 IJ, 0Ux.»4*, ^#14, f7S3 Ot 
JticLT, h 1 6 0±g|5n-^-2 6 434LKkfT 

2 0<7D±g|5n-^- 2 8T-4 *) S^lCSSf-f 4111^1*** 

«#iLT, 7^^-14, FU>fl6tCittt*i 
0#<, ? ibizt!l^6t)tc(4 3 >^ ^ Hf72 0OHt: 

*£*t:v>4 0 ^ic ifte»o*»*itfc3-^— 

2 6, 2 8 14, fiCTiii'J-f-Cyt K-**-V^ h 
L, TSBSEffl, 43 4y f #HTSI5?-^-l4, 

14, tfTJSSBH, M x. 14*, =f 'J ^-->3 VCJ: i?XJ4ag 
*>ftK.t »K *m#»t$itf»4»tit^4» 

so 4«|^]*«*-& 0 
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[0 0 14] *b**l*J£ft(CVD)-/n-fe*li» &je.<D& 
R,&XV&mmit®<Otz*>l~ft&2tlT & tz e CVDI±> P 

^ttTtj uv.x^T-»ft$ft£ttfti4*&<b&v> 0 c:<o 

f4WJe78K»f L4v>. trL%, **it>Offil4, 
Rlt-mHi> l*bvf-/krraElB*fflll*»(«iLtf, 10-50 
0@)J±<aiS4o 

[0015] mwtt®tm<£tex-$>z>£7 k.+»k.&.* 

Sjg-cvoj 7Jl£&3£1-&fc#0#«f;lti*OCVD7n-fe 

i±ftii>Lfcv> 0 cvDyn-t^r-^x., fa 7^ 

B^il/WaiT, »9 J: «J t4« 
[S]^$>^> 0 YU>^1 6te£Zf^ >9? Mf7 2 0 co± 
SB ^ - 1- - «4, StM«<D#« tc*f f * *5 + (concent 
ration) ^^i"o 7K¥±a5*Wl3 i t^KSfiE«0»«® 
±<0|£*I4, Ik>i:i*L-C3-t- 2 6, 2 8i5<f 

I'/'fl eiSiO^ny^^ h kf 7 2 0 ORgJe £ *L;t£F.a 

^tc, < *) bl£l!r+& 0 ttcT, fcf7J3;S&3 OKjg 
<0»KKi*LT, *4 96<4S. FVDKitL 

J: "9, ^*&— Oi*a*iiTV»4. 

[0016] j: o ivfttaau 1 1 5 ft v»i*}h* 

*ifi#L.-C\ *«[§]S&F*l<o+i£l4, #fc.**->i'* r *> 

>.x<D:£& T AM Sit, -f-ttirj: 
0, ItLfc*t »J-Vli, zVm*?^ -VK-fJ-v K-f -;fg 

0}|<Sii44?>lf, *t*i:«forv» 
[0 0 1 7] [212 «-#Bg-r*i:, m 1 cD-X^-ju^ v 
"a" o^in^tL^l^t^r-^Ba^n-So 

2 8 a -CWH-OflMSli, raPSBO^-i XSrftiU 
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»*«:H»=«^**?x.i-4o ttoT. kf7JggBSIflS3 
14, |2I2 0^y-^^ , >>ffiii^BBLT(4, 0 J: *) 

«4j*^1-&o J: OJSv^itC, 3>^?Hf703-t 
- 2 8 aT-<7)*7.7'(cusps)l4, Jgg|$3 0 a J^+frlC® 

[0 0 18] A'J 77-f - &i&&-t&&J]t 

*(k)te*i£^£^S*S:&****o X^L^SIfl 
{4, ILD<0#fiJ¥$S >9, <k iJ/h$v>$^^-v/i->^ > 
7> (parasitic capacitance) £ & tz h -€""0^^:, ffF 

<75/ci6lc, \,*t>tft>Z> "ffikOow k)" ^14, i IJSWL 
D^16«L»*o "ISk"**, «^a*(k 4)JilT<7)k<l«r 

[0019] *^r&#»^j:irtt*ii, iSdSS^-eft 
siis Bfa©4*tt(=istf, *\£>*>m#* cv 

D, 7'9X-vli^CVD(plasma enhanced CVD; PECVD)i5J: 
O f ^-JS7'7X-7(HDP)CVD*-&tfo ^o^<7>^fti3 J: 
•7-f;UAI4, Laura Peters, "Pursuing the Perfect L 
ow-k Dielectric" Semiconductor International, Vo 
30 1.21, No.l0(1998#> 9J!h ^ i.lf^t^cy^^cXM^ 

* +-9- > (hydrogen si lsesquioxane; HSQ) £ i t^V v % 
-fk^kfe(fluorinated oxide)«0 X r> 3-3. 5<7)k^i?r 

(BCB)i3 «tJ/*'U 7«; - U>x-r;KPAE)l±x 2.5-3© 

U 7^ h 77;i/^-Oi^w>(PTEF)«rffiv>7tfi&<7)^ 
*«±. *5>1.9WB*Ok«[*jtJ«l,fco ffiO±*li, 

40 [0 0 2 0] ftfflilS&lcislt-S, lUHO£7%mtt®<7) 
ffifflli. ILDUi3(t*ggPg|507^^^ hit*, 

•?-ro4 -9 &H3PS&£>9'i ji>ini, J;»9^^7^^^h 

* 4 i t **HK * ft 14 T T- $> * o 

[0 0 2 1 ] Ztit,<DmL^#ftK % &M<otm*®.& 

is J: r>*« * 4 SnIiSit UHg ? it /c t § , 1&k 7 -f ;V A 
so 14, «vMt*ft, »W*J:tf««tt£5£t3:****»**L 
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n -t * i ®<gi£T- ft ttit If ft t ft v> 0 £ J£S £Blt * it 

jH*W*A5ft»e»^C*ttMHt^J: >? USES it* i "5 
ffi^-fti i:T-liftv^ 
[0 0 2 2] IDLO#*M*tt**ft-r*t«)lfe* 

.ffift^fflv^-r^b?-*^- tft<. ffifcttfl- a 
^mtZ+kkZ. ift<fl5;T$it#& low^li, *r 
(2, S$tO»«*(k 1.0)*, **7«?ii4iltl 

or, »Lv>##*3f A-f &-*:ft < klfh&nKH 3 *i» 
Si:v>iS*-C, ri^ff "^(tunable) J 
[0 0 2 3] ®HtIiS(k 4)(i, yn«7n 

-K;fcv>-C, £<ttJS£it*o BHtSSKS/sli rvU 

*7n-£(0&-£'&OW;££#Lffl'&o iitli, t^'/ 
J; Off LvM&Miffi-li, — B. "7 n-icfc-£-£ it 

[0 0 2 4] ®k7-r;vA, #tc#?Lttfik7 -f ;v-Mi, 

tfPVDIi, •fiv^T^^^ h it<0®nU*M9)^&mLft 

t±, ftiiM«T*i)»&o 
[0 0 2 5] (£oT, *»H«H J, rBiO»*5'f->* r 

[0 0 2 6] 

[IS®*»*1--&3t*<o#-S] ^o&gfcjg 
-A(7?iST^-^^ hJtoh uv^jsitfn v** her 

[0 0 2 7] — «tu, K^ftii, xzoRiSttffl©*-* 
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J§*XSK&*L, 'J *"> KX«RlSSrff ftv>, 
# ijUg ±Tvn d y > * - ^ S-fiSr^ttT-tt 

ftti^tKiflt, te&Ztift&o afevMi, ££££ 
^#JS^#S^»7--;HiS7C$it*^, Sfctt, fi» 
ffi ofu 4" ffl* * ^ > v m - 1 li-y v 9 -ffi<ipr~m£ 

io [o o 2 8] i *)pfflici±, mismt, r^kj 

v^n >*--7;i/ftg£ia^7'n-b^ofFiC, v-'J >^ 

^7D7n5o n v*-v;vftgSI&#oyn-t^ii, 
^^Cftitif, ftk©K**m«:, -?-^BiTa^4ftt 

£*tf#-*-&o *r*ijKi±, ->-•; >^@i±^t- 

T(«i.tf, h W>-?-j3.fct>*fcf7), SiKli, *fi6 

20 ?L14ffi^*SLT®iis&tl8&0'J^^ftLlc, ^EESit 
W£ e •fOi:^ftraPaF , 3<7)9i<)W#:ai±, -Oi^lc 

[0 0 2 9] ^B^(0itL^>S.0 f 'ft!l<OT^^^ M±, T 

[0 0 3 0] Lv^ttSBtitOffiWftlftW 

•TOB^itiLX, IB* * it * i OWfi (4 , 
tr-7 v >«jf * 7 -f - > ^-f tzitxvm* 
iSffi # it -6 £ £ ^ it h tz h n o 
[0 0 3 1 ] ±IE, <t*S*<0fli-e«»$tL3t J: 9 K, 

flU«***ffi (PVD) RIfft.&<7>1t¥&>&&lfci& (CV 
D) lcit97-f-V^i-2>ii:li, >FflJftittc, bU 
y*~fr.Tfay 9 ? h t'TcO^:^ ft 3t^1-So 

(4 , *a@ftt:»t4 j»mttS * * U - -> a A- "> ^ 
^> i„ PVD^CVDCD J: n ft^O^ffili, -?-it(b<0*Ka5 

■?imv-V*nz>tzib\z$r< co Bf **** S itT § 
A*, *<DJ: d ftflfit^-t^-COtSKfl-LT, I^CilfficO 
so (X (4PVD* M ^ S it & «• •& ^ 
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£ & £ i: 14 BUT * 4 . 
[0 0 3 2] {J(f^^^T-7 7'*/<b-v*Stt1-& 

[0 0 3 3] B5~8*#JSU Li>tMii:« 

Sr#flSL, ^ 1 XliTSK*e^Ji50**, TBSl&tfSSE 
«^ : f-52±icff^^ti, 18^ 
TBSE«lJBO»fl'*JB*LTv^4o 4 SB? £ 

>:T«*aLTU>fcooSrJRifcjfc* (01) 

ttttttl *r*tf ^ >»« * 9 - > ^1" * O C4» K« 
)S£;rt4o #— O»«Wl50ti»* L< l±, M?^^^ 
*±«BE*«**»<b* T****?^ 4 

54 (H6-7) lis TSM&lUf 50±KffM£;rU IS23Z.I4 
±»»»*56 (IH8) lixyf-^h7yi54±UM? 
fi4„ SS2x\ -f-X i±CMP^ h -y 7"® 58 ( v - Jl/ KB t L 
T^ftj'bnrv^) (4, »f L < (i±g|5^#^56±tci 

[0034] m^^ixtzmmmmzis^x. tujsli/± 

ZL< Itm.S ft tnjkffi, RZ?mi>tti L< iWo0.6 M m* 

■*-4/*%do ffi*ORl"t»KJfctM-4fc, fiv» 

i*te»Ofik»*#l±W^f-#«., *?Ltt*Wk SIT? 

[0 0 3 5] 0jF£ft7t*£*§Jf5O> 56(4 £©«K, -f&k 
tfija', #U3.5*»0»«J*s (k) Sr^-t, 4>9i¥^ 

k*li*!>3.0*«T*>K «t 9#t L< «4#SJ2.5*»» S. 

[0 0 3 6] ±EOt£*tt*«)«i-ca-<fcJ: 0 C, #?L 

*;tv* v*©1£k#$*©^©&:fc©?ijtf.»i, S*© 
#?UgT-jgi4 0 ;<7>flJ*(4 > 3gfc4iDl©ffl©*« 



12 

^iffi^S^Jc-ffl-t*- t**T#*** % tek7-f ;WA50> 5 
6©#-?Lffit4, »i L< Ii#j50%4 <, J:9»4 

L< I4&70%4 < s XlflUbJrt L< I4&75%4 

[0 0 3 7] fltttM4£?Lttfik*mi4, ffi^^Nanogl 
io ass (g#Sffi«) «UC, * 'J 7 * 7:1+1 Sunnyvale 
©Honeywell Advanced Microelectronic Materials (AM 
M) (£J.ffi<OA\ lied Signal) hl&m&llZ X^fata* 
e yxytfmx-tb&o Nanoglass (gfiiggQ (4#?LK 
1^^;V50%-90%HWL, k1i2.5~1.3«-*-f*-f>'# 
?Lfty'i*t*5, Nanoglass OftiSaD ©SiftA^- 
nTtg^ffi^ffl^-^ a &70%©#-?LJgt\ #t)2.0 

OiI$t^ttSo Nanoglass (gStiSIS) ©JiltS© 
/<-va> (Nanoglass K2.2-A1 0B) K|»1-4Bf$5lc4 
»K *-tnm, 4 »)#-?L14t , iv>^-^3 ft 
20 4 nm(40A)©¥^#T^>f X&#U *^»c»***Lfc 
tfTZfiirkZ tSr^HiLTio Ryant>, V#?H4(m 
esoporous) > "J * »c«1-**t*r1*ttO#*#»ta« f tt# 
P^i (Material property characterization and integ 
ration issues for mesoporous silica) " IEEE 1999 I 
nternational Interconnect Technology Conference© 
^m$k (1999) > pp. 187-189" =Sr#fl?.o L ^ L tf* <b , 

30 [0 0 3 8] @fSn/:I*H»rox7fXl-7 7'i5 
4, 5814-f-n-Ttl, #£^JB50. 56tcJtteLTS4:* J.^ 

®«lc43V^r. x^fxh77'i54. 5814, fti L < 14 
Ht**?jl00A-700A» i t < 14^)200 A -500 Ate 

ftttSit*, mit*4m (Si3N 4 ) *r*tr„ WJ7 
S51tx *f* L < l4Si3N4Sr-&tr 0 x.-y^^. h^7 p ®5 
4, 58 fc, TIC**#?L14^«50, 56*^1-44-5 

40 ^77f3lffl5ftfc, RyanP>©iftlctwj3V>T^^$tl^ 
4-9 1Z, 1000ACVDK'(b^^r J r (oxide cap) 14, Jfc 

[0 0 3 9] ±EO«*a*ort?tt»S*l.fcJ: 0 
TSI5*6^^ 50R Vx.y+xi<? 754 HffigL Ztltzfe ( H 
55.^/6) , T^^SJfxyf v^^n-bXI4, ^PSf(o 
pening)55 (H 7 IZ 1 o^^ttTV^-S) ©/<^->*i 
yf-* h ->-/54Jc$z;^:-r4o -e-ti^e>, ^23Z.li±§P«S 

so mrnseRi/, -z-mizfotxaip*. v ^7'58(i, ^- kv 



(8) 
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[0 0 4 0] ^K«4B9a«r#RRLT, mm*-?*? S 
M^>f-60 (1^5nTv>5) l±±gSiffei*JI56£ 

Ti:, hi/Vf-601*. *«®REt1-KtEv^ 

^S*.*,, 0^?iX7t^*fe®#i- j3V^T> hi/ >*■(■«* 
»0.35^m**, <3»* L< 14^0. 25/i m*«T'* 

& o 

[0 0 4 1 ] ^- Kv^^54taLfca*Lfciy"f > 

Tl^ftilX? (WiLlf* &«9>f>52) £Hm 
£-£& 0 D>^btf762l4. >f-60twi&o fcgll* 
0»/Jt£**> »- Kv;*^54£i5*t*IBP»55£J: *9 
&&ifc#>btiho Si L< 14, h lfT62J4ft 

0.35^m*p, OffJK l40.05//m-0.25//m<£> 

ifS^r^-r^o Mf762©<BXI4jt«tt, Jitcab 

& h V>^60£4 ij wa*-S*L&«MB^*Lv>^ Xi4 

[0 0 4 2] -t*l*9>x.. h tfT62<D3!j*fi54 7 

hit («* : ffl) (4, #s L< tttti : 14 

MfT620Sb*fi94g|St4, *fe#850. 56 
LXfetbhfhZ><DX^ ?j)$ktb%T*H? hit 
(4. 4 L< J4&2 : 14 <. SifiP4L<l4 

K>2 : 1-4 : l-C*>&o 04 Lv*IMfc»*l4. 

XSXtfnv** MS 14 2 fefc-f o i:/J>S < &&-c&*> 
5 , «6*«50. ittfcW»^ 

ftk»«#*«fli1-*i:, tfc*OBJMfc*->f* (k 4) Sr 

[0 0 4 3 ] H9b-9eSr#KLT. 04 Lv^jfcSUfctt 

4 7^, m9a<or^r )^v^^>mM±o^') -x—> 3 > 

[0 0 4 4 ] E9bS:#fl8LT> /^^r^y^h (non-ca 
pped) 7*3. T/^^v *tLTV^o ^>*^ 

* ;/h tfT62**'r'*M (Rtf^-fUbliJ: ^flsv* 

Btt*S*»&fcAfca*Lv>) £4 OH* Six* i 

O^X7^-1 > >^>h (misalignment) 14$ t> 

T««WU K^^^54t*4 D <biirt: BP 

»55^WJS*&**&TK3*** (withdrawn) i:o 

n> -a*.fi9&3 **<f.x.t4.«»L 

hJtliS*fc* B9afcBSSitfc*lMI»fc#L 
T> JiiET U x h K£*ifc<>cD(&2ffl^ifc&;i <h^-e£ 

[0 0 4 5 ] <**liB9c*#BLt\ ft 
(landed) T v>£v* fcf T (4, 0*v^*ii)4 7 
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hJrt^^l-o ^iHMT, <"-F^**54 
OBPSB5514, *mH**^52O»(edge)70i*ft*o 

72(4. Btt*?-52*:Htrj|6«*X«4BI*ff»744 J ^Jgja 
£;M&o *-/<-^yf-*-A'720*Si4<)*»%^ ^ 

u T«5iRt>*jaHosi*fr74raoi^^aKtt^ffi- 

[0 0 4 6] H9dJ4tT7^yf-OH. 7S510T* 

T-52£Sffli-&iSK T5i*iiBBfcfe»i-*«ift#* 

*o fef t LTT*§^a^80Sr, t&^T'n-t:* £ 4 o 
T ^ 4 ~ > ^i" & r £ ttgMfr \zm L^c 
[0 0 4 7] g]9eJ4£ thio^PlgBS^i/ 

mztttzy * h h^^*1"^B#, ISkitW 

20 (i@ai|T'*^o 

[0 0 4 8] WMfcfc. * < 0«0*a»tt*R»4, ffiO 

fe*^ft»)|#*o *04-9&tt»T. f£*0*a«4ffil« 

■j**i-&ui4^««-r*&o Jtfflifl9u. Sfstv^js 

^«c0^ffi(4. U9b-9e^^at:^v>, Xt4^#^fl|^ 

fc*tt*4jb*tt > > ^ v > > se?a^. a fcis it 

h lx>^c7)^>f ^>^i;^Lt, XI4fi£*<03>** 
h If 7Xtf MP«09 -Y - > ^£»LT»*tt£«ffl $ 
ii».4o 7^^>^O^ffit4, £?Lteffik#3ft*«JB1- 

[0 0 4 9] j >2 ^-^^7>f ±jz<2MM£M 
*<D£ n £»jS*ftfc«^'>>«iftl4^ fot, i^v^ 

Ip D p±i:i*lf L> KIEL, Xli»tt&, «»3fl94 
14. ^ii?it(7)t^ ^;H4^4 < t feUocogiJfl^^jE. 

[0 0 5 0] 13314. iSv>*x ^ ^*/<U- vSr^"i*^ 

^-7 v > v ^ ^- > ^> z-tk^mmLx 

so #4 Lv^ftli, (ALD) 
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»i l < intern izx-ox. <?'(->ytt®<Dm& 

ndow facilitating) 4fc*«*rtT«8r $ ft&o 

It , £ V * iX^tl <D 7 x - X IC £ V> TBf M <D3EffiEE&<0 

jgiKfrSJKS 4 > K9I4, (termination) & 

[0 0 5 1 ] %*i*?ti<D*y-< ? JWfrti-FtKD/ifrXX 

S*m^t-*^> (-ftafrh, VbrnZMz, 5WH< 
14 -ft^©* £ titzi&m (4. 7 x -X<0fiB;£- £ RId L&v-> 

ma i±> -r^x comm x § & (tibt- 4 *) m 

[00 52] ^-r^y^^^b-v^trfci^v^s^:. m 

'lL>L^v>r% KXn*;U4«SttRtD%T% »tLvM& 
k«6$f^50. 56 (U10a) <T> stf 7 £ Z3 - h f h C: t * J T" 
l**RMv>„ i ^ 4«i*|±, #6^50. 56=£r 
iLt, *m^*Xt4S*&I]j&OV 
#t,l±, ZW) te^ZTtttWiX^hlXtzttZ L 

7;ux^v>*t^£j»mtt#**T-^->^.2>, 

ten >7 * --7;l^^ALD7°D-b7.<0|1f^, tfT^J/hW 
> ^fflH±<7) # 7 £ 7n * > if-f h i i: fc-g-fro 

[0053] m^^^^i ^ »=, vf-t L^mt&mmz'tfi 

?zi><D<D£ 7 -r*J-7;U^-7v>«^(7)?fMl00r-$& 
**„ W&ZtitzXi^, f£«£(4#?U±ffik 

fro 

[0 0 5 4] ffMlOOO^, 4?* < t 4 t'TSOf YUy 
^<offlg(4, ®k«6»)i<0^7«-v-^X<±7-Dy ^ i 
0 1 ■fi.-fvi^xi^nho ttf-t L< 14, 7d -y^f 
101 (i. J: '?^v>rj>7*--7;>ALD^*ltriC, *°7£t? 
v^^-7-t^. ifcfSKHg;^ >7*-7') f-^ -gS3i£^ 
tf 0 TIST-i £ ->-'J>^X(±7 

o ? *>^7°n-fe7.10H4, CVDXI4PVDW4 ? &&Jfc<D 
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■T* J: 0 Hffi®'fb^ti7t5!i:w^»7 p n-t^=Sr^tr^i: 
[0 0 5 5] 7ny ^>^7n-fe7sl01li, *'7jv- 

»«#"C^-/U L/c t # , K#?Ltt*m 

o k ffi * T if * fc * u +^?Ltt<o t J x h h t° n 

tr L J: ^l&tcn >7* --r 

ALD7'n-t7.(7)ttr(C, tf77D7^©1^3>*'^ > * 
^ - 7 > 1" ^> tz J6<£>H ^. 7'd -t ^. 14^31 T- ^ v> 0 
[0 0 5 6] 6 L*I"r*fttf, fa7*f7-»fig 
(«xlf , #5L14 b >-9 L S0-*^7fiU^®±<D7-D 

20 E<D*&-£H9aKjF$*iT</>-&&Jg7n7> Xl±, tUfeo 
■C^*L/t#*» (adhesion layer) <0*M) ^Effi L 
/cSffili. ALD7*n-fe;*<oSS— 7 i-XiRJS-t 
^S$ti^>102 o tfiL^ilII©^17x-X (SI 
~4#S?.) \*. mx.it. tKn^->;l/ (OH) Xf±7>^e 

^7 (Mb) **i:Ri&e#*4o *'fb^'f*ao f flft 

*->f*3i®«iai^«>**«:!K>Ri: U4v» 0 Vf761 (09 

a ) <D#h£.\z$,2>&m-?v v*>rmxii®&m^-<o 

7 > - 7 t&mxfem Ztl2>Z\k tfX # Z> „ 

so 7 - > iftt&-t> t &mw.it ! ydx$>&Wi&. mmmni*, 

(ALDIC t ± •&) /n'^v^iS^t) 
t5»*M»4ft*««3»«Sr*tf J: "9 U#Jt S it* £ £ ** 

[0 0 5 7] *4OO*B*MS1O203&, £'514 fe, -tit 
^t>^— ^*»SDlp°tw««&Sn-&104 o E14 IZM LX 
TtiXX *)mffl\,zm%iZtiX^2>. »* 
ffiot, ^— ^(first chemistry) liBfl^^T- 7102 

07*n-t^i:J;oT4iL^:*Ii:I$L*:^J: d 
ie»«S*-C**« »tL<l±A5-/ KXIi*«U*-> 

[0 0 5 8] #«-&*S:tt*ffi(i> » 4 U < li%.fc<OfZ. 
mx-mi&Zix, i&^X, JSLT, ^JSilg^tDf^o v>< 
o^coffiltcjoVT, SSt/filiUFS^x Xn-b7.jajgJ: 
f9iSv^*.*^fo (fij^lf, TIBWS5 UiJV»-C, Xn 
so -fe 7. I4#Sj350 , Ct?^t 4 *> it CuCl«4430T:Ti§ 
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KT-ittt^iDlp D a CHiS* 4 tztbO 7° D 4r * MTf, 
+#&|g$U±£*1-ftf>l4\ SE«I4 "»3S14" -C*4fc 

[0 0 5 9] *ft*fe*-JS#«iRJ6f-+>-'<--a»e>JSl 

t L< I4&2RID-?-* WSv>#»o^-5;i(r 
xt, 4 L < life 3 «t *)^:§v»fr» 

T\ *t'J7^^»Loo-|tsr a ^ Xr7 X106I4# 
KSI— j£fl-<07O-4:.it*!>&C: t JrMtt^c 
*Lfcfg;|fiffi»t::i3V>T\ Bfc*106l4fS-j£53-<757n-£ 

t *#tr c O^-AM./i-yv/li, 1999 

.^9^8BicaiB!ico, r*Rjffiftofc*wat#**tfc*« 

St/Tjft (Improved Apparatus and Method for Growth 
of aThinFilm) J tv^iSftW, (H]B#^®*ll#fri±l 
iv'J T;V*-^09/392,371> Kf£«$*iTi3 «J , ^-<DH 

M;fcv>T, JliS'Ht, f-Y I45S£ izffl 

(Method and Apparatus for Growing Thin Films) J 
tv^m 1996^6^6 0 lZ%-ff2tltz?CYmm2:ffl 
#-Sg-W0 96/17107£#flS o -eoM^Ji, iiT'ttt L 

xmmztiix, risk, ®*io4so f s:i&fe^*io6(i, 

[0 0 6 0] ^-$5^X)£^^ >y*-^l£*£ 
ft*: i §106, S2*^*iDXD D Q iC'«$&$tL4108o f£2j£ 

fltE$t5c 114 (CHL-CTE-CJ: 9 ■MBIK»'< <b 

^ fflTfiZtitzmm&mz&^r, z<DKfoi±&mw 

M»XI4M»-&*«I4, »*L<tt, «ffc!R*l,rt:£R 
-To 

[0 0 6 1] i©7 > KT-14, ^2fi£^l4# 

k , x 7- -j X104 -c® * ti fz w.m l &m m&Vf^m 
k*s§* yarvKsan, #?•*, xi4 

»5EKJ:iJ) 4X11* X«4, 

itftlf, 5S4 £iy f /Xl4H&&j£; 

Stl, 4&O f 5#JS) o S£L<I4, RJSl08fc*/;i 
Si»*-C*5. KE*I4, ffi£ft7t&<0, 

*fH4»* l < i4> w.fcwm2$Lfrfrhm%*m lt 
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i m$-f & &m%. imxT- >r * t4, ^^onhs 1 sis 

[0 0 6 2] *»2«#-e££:KftSfO 3 

l4iDl n D n^f)«l'5^tL*110 o »— ««-OKf*106 t|W| 
flllC, ZtDXf-v-fUOmit L< (4«2^<7)70-$r 
lh», »2JS»* <b ©i§*J & R&ttR 
^•7v>fl?3tOtTT2SlU f it* U RJ&f-* 

io wn'-jo^^- y?ftSCi:t*«^ *^';7#7. 

tt^2fty^-Mo^-/^t, 4»)Sf 

£ft/tfEiftls*KJ=v>-c, &*hoj4, i-M«7D 
-*jh«>fc&, »0.1»~20»Hk /«-y'«*7n- 
t«»t*ii:Sr'&tro ^108^0-^*11014, 
ALD-'J-'f ^;HC43V»r, ^27 i-Xlll4r^LTV^ 0 
20 [0 0 6 3] v»-s^jB»ftRjfc»Xtf»2«#OW£ 
Sl* { lf7Sy r h JfJL< I4SI&^^>^'- 

ZtitzMt&MWUZ&^X, ALDXn -bx 0^-7 i-X 
i-4 Ci 10414, t^tooi£»BA*l*»*t 

[0 0 6 4 1 -OJ;^:, * -Xi07. 

ALD y n -fe ^ U ^3 v * T # JS S: W*J$L + h Z t Sr »9 £ S tl 

[0 0 6 5] HS^Kt-aOf^flt^OATH^SitT 
ffi07V>y-?t>hti^ iaftlOjai^t *>!:-€■ 

- X -c H ^ * ti T v ^ ^ Xj«* 

ti^>/i^-9o -- --. - - - 
[0 0 6 6] ALDyp-fe*Tjg<P»'7g) , Xn 2L±_>£ 

*3*t*HP» (oil}, If 7 62X0* h V>^60) tt. f& 
k#» O « UJ L * B "C y n ^ ^ 4 1 4 v - >w S it & o 
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7*^-^, 75i>\ XI4v-;V-f 4/.:*!>^;;il : !R$;ft. 
£fc!4, #3H-©»«5p i S:±tf*it»wJ: »), #?Ltt©k 
ftk*m^*>***aSli* J150, 56£a Lfc 

•10 0 6 7] miaztitzmnmtitK&^t^ 7o»*>' 

^14, HlOatc^SftTV^ J: -9 *s-V>ymi48 
T, #?L1±ffikJf 50, 56Hi3tt*ISD«B*9'f->^i- N> 
iifcCJ: t)%tt$tL&. *9MiKtt» ->-'J>^« 
14811. flSk«»flE50, 56Wlg££iILT*°7£j2$&Ht- 

v>*tti:J:i), a£5i£*i4 0 #£L<!4, sK*I4, l&k 

$n*„ i»)»fL<l4, 38*(4, «k*M»fl£+^«)3# 

fc»4 L < 14, Httftttft+01*r*JHlT©#7 
SrjfcWU ®k##4 3 ^W2*"T?f? UTO^T 4rit«t L 2» 

*-Jii-^46tcS"f ^3*K78BS©#7*^+#U7'f- 

[0 0 6 8] H10b«r#fl?.-t-Si:, tf TfflSOifcfcBI 

t, tek*t«-50H*fe^*t*|.Wv h 'J ^^^122rt^, 
<D*°7'120£-&tfo * 'J 7 * — 7:H1Sunnyvale<7>Honeyw 
ell Advanced MicroelectronicMaterials (AMM) (VXwS 
^Allied Signal) ir hlSMM A¥"Tt6*Nanoglass 

7-9-^X^4 mfC, &70%tf>#?UK£* L, «2.0<Ok 
«*3t^-t*o Sot, sK7120l4^$*lTV>4 J: ? K 

[0 0 6 9] #T-9->f Xlispt&#T-9"'f XA>P>7 
KflM&U 43S>K.lfc#Lrt:#7BEfa*>7 

124I4, *-#7aSS**U *2#Tl26(4*2sK7SiS 
£SU «3#T128l±*3sKraiSSr3E-fo 
[0 0 7 0] laiOb^^^n* J: i i:, ^TI4^tL<>^ 
£Kl43fc*$;h.TV>&v>o fcf 762^Hf3v>T^4fSl*"71 
24 (HlOa) 14, 'J >^«148©#»f 
iiTV>J. L^Lfca*^, 7F^*c n > "7 * -v; -r -f - 

24 ictfi" * 7 LT is »K *1 #7124 

rtU^HH30*»-to 82 #712614, *4»#icaiR-C 
*4wi:*«-C#*,-sKTSW*1ir(;*v»3-f -f >^13 so 
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2-C*£*i-CV>*o 8 3 #7128(4, Lifcttur, imWi 
J&«r» 1340^*^^0 ffl«K» fikttftO^fl (K*7) 
SEffi*»?> # T * m L tz SSSIT? (4 8 3 # T 8! $ £ 3E L T <b 
^48 4 #713614, <b L*^l4*^iiSt^*0^i- 

4 C mm^titznmmm^^x, muti* 

^i:i&ot) fS1B*t)*4#7»$«rSELrv^«, 84 
#7140&O f 8 5 #714214, i**P £ ti4 15 £*<9i^l4* 

1 0 0 7 1 ] fc L, »* Lv^J: 9 v- 'J > ^H148 
Klin-f >?*138, 13414, \,->< bfrT-9<0') X? 

fc£t:4-:fr-c-, *<ou**(4ii^fc'<D[i]B&K:fH::*f- 

£14, MM='>-7*-- : 7;VALD7°a-t^C0F^, 144 
[0 0 7 2] lO^iifeii^oT, v-ij>^®14 

U >^iolfi:8v>t, er62<o-7nr^?>*«*t*l- 
[0 0 7 3] L^L^^^. El^^n^HJ&^^t^^ 

[0 0 7 4] *«tt. Xtt«»ttOff%fefrO->-U > 
^«(±*fc, PVD ^y<y^U>^Xtt^<# 

(i, PVD(±*Mtt^CVDJ: 5fiv^>7*-7'Jr^ -Sr^ 
U *Ofc*CVDJ: »ja<3KT*lf >f-*7-f*«* 

[0 0 7 5] CVDt?*^>-9 ^PVDT-*^9 
(4, tf T62<DJ& Izmir Z> X 7 \z (HlOa) > JtRMSSv^ 
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#*au j /-»j> ^ « * at a tu k # r & tr 

£4 J: 0 JB**< 7^y 
S*i4'<*?*4o /u-^-f LT, 

■C*4 0 

[0 0 7 6] ^lo^ftli^t, ->-y>^ 

tl/:JS/n-b^ (^Kittfc/W**/Hv*4) tc J: «9 
Kjat**i4£ t^T'#4 0 fiJLItOWfttt, 
ALDKJ: «9 3- h £fl4 

a6^fi3S:t)*LTV^4o A. W. Ott. , J. W. Klaus, J. M. 
Johnson, S. M. George, K. C. McCarley, J. D. Way, 

^^LttTJHtSI^^f-f 7 4 v a >(Modific 
at ion of Porous Alumina Membranes Using Al 2O3 Atom 
ic Layer Controlled Deposition)," Chem. Mater. Vo 
1. 9, No. 3 (1997), pp. 707-714; XtfSuvi Haukka, 
Eeva-Liisa Lakomaa, Tuomo Suntola, "#?Lfi^RM 

(Chemi sorption of chromium acetyl acetonate on por 
ous high surface area silica) ," Appl. Surf. Sci. 
Vol. 75, No. 1-4 (1994), pp. 220-227#flB o -LIST* 

K«/B3*ITV*4 0 S«*»i*BB^S:#*L. # 
?LttM^3>7t-v;vn-t^ >^£&t4*:i6<7> 

>y-fZ>tzlb<D "\&^>y #7»J f -f - (low conformal 
ity) M 5cS'&yn^^(7)^(i, in situT% Jf Ogft 

l-fca&Oft/h-TN *9—£J?$ 4*1-4, S5v>n>-7*^ 
#1*4 0 

[0077] 1 -oommmm^^^r, aldk** 

S^*li:S:iSf"-v>^<-<7)*^^ 0 ^x^n4o &JR 

■C7>f^>^$n4o 3 tie, ^JR«^(il£tk*cJ: f? 
#?Ltttt*«^«ai-4Ci:3S«-C#4o tLM4t, 
» 1 /*Jl/*l±. 8fc*c«<ALDyn-fe^^Jt^T*< U 

A«ap.^o#?L«i«*«^o«a*ai6Ki-4-i ta* 

T^4 0 

[0 0 7 8 ] tfll^l^ll^T. tlig^ii, 7Ff§ 

SfclB (7) Z <D \Z & V* X . ^-ylit^t^Sig 
2f * 4 # T * «b JR 0 IK < CO tC^+^T* « 0 . tttttmo 
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/ < - y 1" 4 O K *fiffc $ *l 4 *° 7 4 / < - v 1- 4 O tz 

<*^^#4o *v*U\ vV<C;i/yUi, lft**rtM>#7 
Oti:4«iWOTl4 - k *?Mfc+4fc*KH< S 
ft#4o 

[0 0 7 9] *2^Ji^-y^*V»T, 
tw/^;i/^$^L4o «JS L<ti, »2j£5H*g5iSffi#;*-e 
10 &4o ?£2$;^Ji, fcr7 0a«±*C!R*Lfc****« 

ififlfc L> f:-ei^f7^tt:?iotv^ &MM 1ST, t R 
j£1-4 0 £*UiCVD*>f 7 0 RJ£-Tr£>^ #7rttClJ:9 
1*o ££v*&jRol|U|0%*^£*< o *2J*#ld\ if 
ai-4»l*JR«3er^4:jKJCDl-4«*do iOi^i:L 

(depletion effect) tC2f</i4? 0 it«5Cb*0*SS, 

Ht 1 #70* ? * k A^^^m^* U m 

Hk #?LttiK«*r»^Olfi;tkS:IWIffi1-4o 
[0 0 8 0] ALD^r-f ^ ;i/Sr«iJii1- ^*^<7)ff^ 
SriSI-ifc^J: 0 ^^tc^i #70^^i»< U ft 

*WK#7*aw-r4a«»'>-y >/n:»<e6 
«FttSr«i:4it4<. &iu±mmtt®-* S/ ~ ;U1- 4 - 

t^ti^o #7titai-4fci6^^S4:«i9igL^EI 

h U>^aDflfTStH±U«ttSft4SLv*3>7*^ 
y-r^f -CVDXIiFVDfc*lt438^ ^ii^feMfctr, S 

/f, ±t&jRfr#»xtt^<y7tttwt«j«-r4**tt 

v-y >^«4rittt1-4 0 

[0 0 8 1 ] TB-CMM-4. »* Lv^ttfl(«o$& 
^^7l->^n4r7^^ ALD60^^tC^v^=7 
>7*7'J ^-f-li, *«*t«--Cfik»*#OsK7t^ 
^jcn-f-f >^1"4y ^^^*)4 0 :03-f^^* 

-y>^«148 (UllOa) (i^7^yn^^L, ^°7^r 
n-^^ilTLJo/;^ * «b*4S53 > 7 * v 

y ^-f-ALDyn-fe^i*J64 4«F. SJ6«i t AoT<4 
OSrKCo TIBO*T^?>n4^JlS^ 

n*^ 0 TBOSBtfb*^ ovarii, *JBW#«iS#tt«o 
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fc> V^XI±tfT61 (B9a) ©JfcffiKRtBLfc 

[0 0 8 2] L<li. v-'J>^148 (HI 1 

Ob) (i&JgJl*-^*. »*14JBfc LTfe*fca:5fco 0 

[0 0 8 3] SJJtttJSfcJJfSS-r**^ ffJUli, tt 

y >rmu& (ii o a) ©j&jMfcxiiH"*^ »a u 

*a»K <OJ: a 4»#ttJil±PVDXIiCVD»w-C»fiSEL» 
&o taj-ilf, PVDf-? V&U-'CVD? >^f>-/nt^li 

l i) *Djw«Kttx«* r o 7^>vmtLxi> tstit 
[0 0 8 4] guoT u > v > > h -eii, k f§m{£<o*" 

7*, fcTT&tf h UVfSI^^tSo £ i: < $&*fi<J 
i:7n sr ^Xfi^** I it(plugged)»*i:#iLf>*t4o 

i^tr; L< iiALDKJ: *)W*WL 
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a* <t> 7 t -ttPrmm \z.mm l»* £ t vmrn s n 

i^o SSI- ^D^v-Xli* 

h ij if-^nv^iffiOS&^jlTuaj) JILtADy 

7x-Xtff L»4. f&*£ LT^CiALDfcJRIi, 

[0 0 8 5] tot, Kl£4bao3 «F4 L< 

f F7*^ (-/>f*75y) ^V*** (v 

20 p(-?-;l,r5>') * > * ;K TaCls&U-TiCUS-^tfo tfll^: 

7:x-X*-C\ ALDtCfc 0 ? > (W) v-KJgfc 

7f^t7M50' (WFe) iiisTC^J h 'Jxf* 
**n> ((CH3CH2)3B) XI±TEBO^^*^>v^-4: 

[0 0 8 6] 
[*l] 



7i-X 








lift 








(elm) 




Cfiocm) 


CC) 


Clbrr) 


<f» 




GOO 


WF 6 


50 


400 


10 


0.26 




600 






400 


10 


0.5 




600 


TEB 


40 


400 


10 


0.1 




600 






400 


10 


0.8 



[0 0 8 7] 77X-7v*x7-l/-^CJ:t)i|S?n47 
•>* * ;H±, ALDXn -b -> > XOlSiSKis ^X±m,^M 

h*#S£WRtf£JpV&#« 1999^9^8 
BKthSfiBSft IMPROVED APPARATUS AND METHOD FOR GROW 
TH OF A THIN FILM t ® £ ft/.:, ->';T;VNo. 09/392,37 

ftLTiffl^So SlJ<0*M6-)ALD^JS7'a-b7.7n 
-Ii, 1999^6^29B \zWn Z tifcSherman«0*i]itf fS=N 
o.5,916.365Ui3V»-C5Stt?n, -tOR^Ii £ £T## 

«07x-XRlJtIg (0 4) Srtg-fo 50 



[0 0 8 8] H4l:HLT, »«ffl«rH*S!i«twt£ 

lei *)Bf£2ti&o ^t^?JV«i-t^fc* 1 ^l7x 
-X107J4, #S L<lia*rJf.**^O^ttTT% ^JR^ 

If7x-Xlllli, L< li^JSi'f.«"^.07FttT 

[0 0 8 9] y~?i'>fflj&<r>mwii*<r>±.x"7'( 
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[0 0 9 0] L< 14. *JR7i-Xl07Jiaa 

;U4^/u*104fcTtt*S*t& o #HM&*«:*f*K 
(4, m^itf-py (TiCU) . a7 yffc* >^*-f> (W 
Fe) , ft&W9)i> (TaCls) > *>*;i^>*^h 

(y^f;v7^) *>*;k ifittfH (CuCi) so* 

is7>m (Cu(HFAC)VTMS) tf-gitlZo 
[0 0 9 1 ] 41S^^7iV^y>^^ h 

* Ott»*flfih1- & - t J: 0 ^JRvn°;1/^ 104^7 
& 0 »SL<li, /*-vXgl06t::*3^T. ^rVJ7^ 

[0 0 9 2] /<;VX104<£>W, illfp» 20 

v?*Pfi3e-f &o ©HJfe^JTJi, ALD7°n-fe 
*>, *#0.35A/*4*>l^&JRafti»Ji:W£ft 
£#««4, «4.2AO^?»W»t 
m-f &TiN(co § is 4 -M5-9- -< * ;v r t L fe**** 
^<b> %}&K)lZ]&f8,ZtlZ e 115, 115aO#*M ^;H4 30 

#-Cfflv>t,*t& "#S" £t4, lot, HoF B lo#| 
77^V3 XcPiSL, ^JC/^X 104*3 geftOflflSb* 
(self-limiting effect) ICMili" •So 

[0093] i^L<i4> mi:£>±^mM/w.mLtz&m 

±I4&Jgj£#X. t KJS L4v»„ JaTKE*<OH*« Ki3 
V^T, TiCU (B.2) I4^n9-f K^^^VO^S* 
^i-fo WFe (*3*JJ:O f 4) tt77»gr/?7f> 

H»C, 8U*>Sf&te£*^?'f KI4, ^ ^o 

>9x.h**sh\ f b7^ (v>f-;VT5y) -f-^ 

<DXo fcSrtfn'ii, &JSi®#x>'*;i'.*i04«c>ra, ^SiJgf 
fcl4Efcft 7 n - <7)flfe^*fi&S« t -tiiJeUiliKJS L * 
v> 0 RJfcft^O ii» IS UJ (4iift$* K 4 

teXn^xo£Jg7i-Xl07(0^-CC>j£:53-(4. g 
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p$Slffi^<7)|ig*(4. lf77D7^03Rt*ax4:V> 0 
[0 0 9 4] -«M ^;H15<0^-7x-Xlllt;i3V^T 
»4, JtTX <D/<JUX 108^2jDXn a n fcttte * fi- 

tfo SP2L<I4, 8-7:t-XiO7-C»3*tfcfc&0!S- 

«* - 7 * - Xi 1 1 * -r & o S*?® **x A ? fi r /u 
her Affile tat^wc+^-i:^ 

/<;wxi08^T1-&o »SL<(4s A-^ienotcjs 

[0 0 9 5] SfH/^l/^lOSOK, S^jf.^14, ^~ 
7 * -X107T»S ttfe i Jt-CEJt- 4 fc 

l4ft*««"*-*o S2^.0 f 3O*Jfe^atc43V^T, i<7> 
^fc*(R«pl4, &*Jll*©<"n^>»tt 

ft* "J KX*R*B**tro ttiffii:, *4 

o^jfegR«-c-(4, tay7^^ii^A'?>y>^7i 

(4, »7 , n-fexJ4'fb*t:*«»^*a^»*5!li-o ^«7 
*-Xl07KHLT»i:JtJ:dK, «#^I4, 
^tOtlK) ^-fX^ffi^-ri * * * & & 

g(4^v^ 0 LfrL%i>*b, ^-7^-Xinfe f t@S 

[0 0 9 6] PL<t4, ^JRjR^XWfltr/^^XWlHI, S 
S*?f.*-^t4iDXp D pSffi±^'fk*K*Lfe^Jl-^*flt 

;i/X 108<7) «0 T > - T ^^a-fk^*^ 4- *S-^ L 

^(7*fei6, iaKXVS^JftftSrftx^o iOftfP*»o 
iSIW»**RlD7*-Xinu4JJt4, 4 *)M)&&<D 

ffifcJBj£$#t*£«SMk**>JP*l4 x e7 7n7i:ftit 

[0 0 9 7] #JS7^-X107 (^Jgjg-'<;l'Xl04B.O f >'< 
-vl064-£t>) St>*S^7i-Xl08 (S^Jfy^vXlO 
8X^<-">*110**tr) I4*H, ALDXn-fe^lciJ^T 

^•9iE^n^-9--f ? m\5*fcm-tz>o tamvj f mis 
^X104 a i^tfttJiis, ^mif.*-xi4|5^-f ^ ;H 

I&L, ^Jg^awgll<0#SX(4*^O7 7^ va >* 
L , #X t * ti&± 14 ElSL^vig e»tt* 

ffiSrSU^-fo ^Jl}g**^.7D-l04a 4^jkL106a £ 
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[0 0 9 8] -9-4 ;>JH15a£^fc< t fciftl 0 0. <£ 
L<li£J>£< ti>$}2 0I> fa7A'/ , 7"»ll 

<b»#®« * ft 4 S *PfUKIi, ft200 A ± 

£ L< ttftlOOAi «3'h**» £ft* 10 

[0 0 9 9] 

□ t/l/v t:*ft$itt-f j&yD^^l/yt'livV^V 

n D D £Pulsar 2000 (SiiiStt) *>TKiS*WKA#Lf» 

[0 10 0] JSLTW*lCiJtt* (2 Jt±!5fEl Kim 
*)/<?>-*J±J|L4*«jrc*.&£i:Ka*3ftfc 

«BB»:«/hJp-C3Bjjt**Lfc^-y >^«148 (Ell 0 
a) *fiat4±Tfflltio SJ&te^i-XBeOSlD 
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*lffl«-C©|£j&IM$li* 7 -f > 7 > KOASMT-f ? o S 
^M)--'J5f7 K^e><7>Pulsar 2000 (2$*i$$Q 

M±T-fft.tL^o iHl^WALDXn-b^Ti^ ft 2 0 J: •? * 
^fcT*^? hJt£*U 9 0 %i DflEftfcsKW K^O 

x s» x* >* - ->' ft a a k&£ £ *i fc„ *w 

j«Dtztb<D. itzm% 

Wz s iOJSrj>-7*--7'J-r^ALDXn-t^.li, itL 

[0 10 1] *f(JK«ix ^^Wl^U^I-ALDXo-tX 
l±, RJS*#*&#h ^>^;ftIre73Effl*^^*4^-+ 
*Br*4o Si:. K-/n-t*lite»-c«&»*o »4L 
< li. Xn-t^<0HC«) 9*Dlp a DSJS«ijRj300 , C7&>c>500 

ili^Sil&o I»)#*L<«i. Kfifl[U350'C*»?»400t: 
raSC L < li380'C^'b400 , C<Dr B 1^*i#^n 

&o *-*>;<rtSWt, 5 'J r-;Vjtfflri»<bjg#BirC (super 
-atomospheric)0)HITSe!b-r*5&»* t$Z L < Ms l *1 
Torr^<b500 TorrOF^lC, £ L < liiSi-HO Tor 

r^<bl00 TorrOWUiJMfSft&o 

[0 10 2] 

[*2] 



7x-X 


(phn) 




(seem) 


&& 

CC) 


(Tbrr) 






400 


HCI4 


20 


400 


10 


.05 




400 






400 


10 


0.8 




400 


NHe 


100 


400 


10 


0.75 




400 






400 


10 


L0 



[0 10 3] _LfS3E2 ii> fa7i^7y>il^) h P 
>fS^>^^ h tfT^Oflltf-* > (TiN) ^<'J7 

&JRiK#;MiEg*fift^*> (TiCU) *t'J7 
#*J*fi* (N2) L < l*T> 40 

^e~y (NH3) £^fro 
[0104] §S— *M ^;l/OH-7i-Xtc^v^T. Ti 

6 J: 0«*S*ifc->-y >* r *148±fcfb^»*i-*o 



[0 105] SSKIi, y ^tt*JR8R^* * 0 
>/*lif-^ ^ii(±TiCl4S:TiCl3^i:**0tw 

[0 10 6] TiCU^n-^^ihL. **U TtfA<Dffi. 
«7D-|:J:o-C^-.v'Lfcft, NH3 ^ ^* ^ ^ SD X no 
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TSSKRISU fflffc*-*:' (TiN) OJIMI^^At' 
[0 10 7] ^0-9- >f ^;V"C(±, 81— 7 A-X**TiCU 

u wu^n^M k-&*s?-* >m*m-to *k*--9- 



10 
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[0 1 0 8] W7F<0$*t&% t Mfc}s\,*-C, ** l )7if* 

hfli, Mi Lv>«; 7 9 9li^- K-)i7 
RtfV 7 HfiT 

«l#i-*o 1988^5 J? 31 B K»ff S*l-fcPosa«#S4#M : 
^4,747,367-tS.O f 1988^8^2B K&frSflfc Conger?, 
«>*a«F«F»4,761,269-^OBB*»i, #>KSffl«K##t 

[0 10 9] 
[S3] 





(slm) 


2£&% 


(pccm) 


mm 

CC) 


(Ihrr) 


isra 
m 




600 


WF 8 


60 


400 


10 


0.26 




600 






400 


10 


0.25 




600 


NH B 


100 


400 


10 


0.6 


/^"^ 


600 






400 


10 


1.0 



[o i i o] ±IBS3 >y*7-> (wn) oald 

\*jK7y4k*>yA7-> (We) *^r'J7^ 
T (NHs) £^rfro #KiS7*-Xon, ^-x^n^fifi 

[0 111] ££>»>gv ^I7x-XT«^^:^S 



20 «ftt-(4WF6i:RJKL&v^ 0 L*Li^?>, SfJL^If 
*t\zW£Ltz*>?A7'>yfl'*yi K«-& 

[0 112] 
* [S4] 



7x-X 






^7D- 


MA 




mm 




(aim) 




(boczxi) 


CC) 


Clbrr) 


m 




400 


WF 6 


60 


400 


10 


0.25 




400 






400 


10 


0.8 


&7G 


400 


TEB 


60 


400 


10 


0.01 




400 






400 


10 


0.6 




400 


NH» 


100 


400 


10 


0.25 




400 






400 


10 


0.6 



[0 1 1 3] _tSB*4 limit9 y (WN) SrJKjfi 

i-^/ci6<75SlJcOALD'/o-t^.(07tJ6«O^N°5 p< - * £S<:b 

« o k# u^rf u -e * -5 o •pii * * ti -mmm m k is -c , 

8fi Lv^->-U >^S148 (010a) ©&JSIi:®ffi£ 

i^Lr-k*7 7n7tO f i: h U >fM V7V>&B%M 

>*-*x> (WFe) *t l )7^li|| (N2) 

SS5RiR#;Ui#* L<-«±T>*-7 (NH 3 ) * 

-XtcJSofc'J 2f> K*|fe*1-*o HJfeSW 

TTEB (h'Jxf^'D>) Sr-g-OSfiv^TcSiJJi, 

^ > &if§&Jg ; it-&##JI £ StcX <i $ 4 * »t ti \m&-t 

gijOT > I- T-(±, «r v 9 it 'J KSa«*l5 50 



jL-Xli^-^ ^7 i-Xlci ft*: (BP 

[0 1 14] ^H^TC^i-Xli, LT, S3© 

4-M1-^^JSa'ft!i/*S B B B Jg^ l fc*:'b-ro -e©i^^(S:T 
L/cffitiLttli, »i Lv>fa7;^vy>A>J 7i«i: 

[0 115] S f>C, S4 <0TEB^<;u^tCi »)St>^tL 
<pmz it ^ > v -V - T >-=e-T 7 x -Xoil Ale 

5 l cJLOB^^^JS7x-x•r-5^$tL*:/^7'^ KJisstc^-g-L 
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'j^srv K**Ki£»=iJv»T**^9-f k («;hf) 

RlS-tSo HFtttitLT, y'^XIJ^Jft'Oyt- 
a5«OA«OJ:dftJB*tt*1B*rlWCU»v». !£oT, 

v-y>^Jgl48 (HI 0 a ) 14, HFs£v»ligOW^7 -f 
K«©«*»**'b«tt*ft4o «4 0rn-fe^3» t 4f»w 

4iia»jiBS ft ffitdtlttci ft * 
[0116] ^g-ffcfe (00 ;wn) co«o*<o?Sv»Ji 

(00 ; ^3-10nm) !«40*Si:J;l)V>9^MS 

&£lS*JHWc2 7*-Xt-f ^;H±, J: Dtfv^oj r 
4 ^2 Oyjftic J: h J: -5 ftM&*Ti 

aims* l y r » o«^ce#BE & mtz-ttzib \zm v> 

tjJii^ffiCioTIi, v- KJfrt*iI3: 00^11 30 



32 

*7J ^1--2>o &oT, Affile jg^teOifc 

[0117] mm&Wjfrm-C'£%i<v£7iz, ->-K®ii 

n-fe^o^^Ov»i**L»ci-artl!R3»Sit»*o 00*. 
If, &ft®:7'n*v>?-|iPVDj$v->(4X/*-y * y 
fflv>TSBv- Ki^Wtio ALDl* -t OftO&JgSib 

[0 118] i L-< 14, i *>*v»^f 7 7"*^'l' 

-■/Hoy- K^=t^#-r^7tftlCCVD7 - n-b^Srffi 
v*& 0 0!lxl4\ WolfbO "Process and equipment simu 
lation of copper chemical vapor deposition using C 
u(HFAC)VTMS" , Microelectronic Engineering, Vol.4 
5, No. 1, pp. 15-27 (1999^2^ )\Z X ») &JR#«CVD (MO 
CVD) gEWf^it*^' :«Sili*Watt-## 

[0 119] Mittj-i L< 14, >- KUfctfcALDKJ: 
"J?B«*ft&o »*, '<'J 7SO r y- KS©H1 Xl± 
-?-rim±O^Xx-y -/AMU- vj£j£icfc t)4£frtltz®- 
1:14, got, J:$«**tt03te*£K»::ov»THfca 

[0 12 0] 
[*5] 



7i-X 


(fihn) 




(seem) 


(© 


JBE* 
Clbrr) 


m 


&8 


400 


Cud 


4 


350 


10 


0.2 




400 






350 


10 


0.5 




400 


TEB 


40 


350 


10 




At-* 


400 






350 


10 


0.5 



[0121] ±!E*5I4, ±f£SU ICffiftLOALDtt&K 

*5tc®«$tt, ^cKTEBtcJ: i)S7c£ft*o 14, 
il-fbSPOli, *«*«i:Jt«Lr J: iJ/hSv^KiElloa-p 40 

?til 0 aHai-T-St, 4>&< tik*T62S.f>*K U 
>f-60O«B±or n y * > y"X(4 v— 'J > y"/1148i: 
19a©fa7;^vy>it*sf ?jx4„ v- 

y >^®i48i±{aeoT, #?Lttfik»— iftitiisoxirsis 



IP* T% v - y > ^/S 148*»3g* S ft * o L J: 

CVD, PVD. XJisKTrtffC^v^TCVD*- K-Cf»< 
^£-7"n-txtcJ: r», Kv-y v^W^flESftl^Ao 
[0 12 2] m^<omMWMiza^x , iity-'J > 
y'SHSIiCVDS.y-TVDOJ: 3 fcfi£3fcG9iiSr 7"d -t X K J: 
>) JK* * ft * * J , «i tf T 620IS® IC £> Tff^ fi£ * 

ft£ e trT62®.t/ h U>f-60SBfi:{C^»tSv-y ^/i 

Piif t&**Mizmz.zx-&?> $ o a**:** a, v-y 

V^«H480»f? (U L«#* ffSfett KB*** 

7f (00 ; StBtt-f UTtt*^BU*L# 
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\z, :o»7fm<Hfflv^^ 0 

[0 12 3] CVD$tzte?VDm<Otztb<DM'^W-*> 
it. ft*ttfcl*W#7*'f XOiftS 0 96 - 1 5 0%. 
i L< li¥*&#7*'r 0%- 7 5 

*6& 0 (&*§#±<0) K®«(field area)OS 

*£ft&S<^l*> —&IZ\£T 6 2<Dfe\z£W&ffi*§-<Dm 
/NP^UKILT P VDtco^ti P VDii 

-ifti:CVDJ: 0 t/hS^f/hf *4g*t&o L^L 

14, £tt*oftk (#7 0*ft«. >t°7« 

W<D&Wlz&tffi-2>x~$>?>7o #§&^oP*fl^£#ffi1~& 
*->4>*«*fc J: i)^^-t:^7n 
-Ofca&Kv-y 14 8^«*S:««^fkaft"C 

6 2^)gSft2nm-6nm, J: «9 »^ U < 2 . 4n 
m-3nmOl*t*4o i!S*#li, 7>f-;VKl«t 
905eLfc J: "5 tfT 6 2 <^lCi3tt&^M<£>g'WS^ 

* ajffi-T & * ^ S* * ft * * * ^ ft56i" * - 
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* t apt: z h o ft*» 4 x^- t * ^ v ^maaviiffl <o 

(CVD, PVD) JK#tt7-f -fr K I »/Mc»ff*Jt 
«10 : l-C**Cfct*C* (dictate) 0 7*^* 

[0 1 2 5] «S*iifc*ltffl«*-lHlxT. */-V>7 

(O-OMUJs^T, Rj&ftO^i^^iEOA LD^n 
io 4r*£Jt^LT^ifi£ft»£o Wlitf, 418^^^' 

•✓8Boat«»ttfto# 7 * ^ 

fticj: 19 ^7t05S4^Si^^CVD^- FOR 
L&^fe. i§*#lwB!KSft*J:7fc* 

20 © k *m * > - >ui- £ «M * flW&i" * fc* fc* 

[0 12 6] 
1*6] 



7x-X 


(aim) 




(50cm) 


&£ 

CC) 


(Tbrr) 


B5W 

m 




600 


WF 6 


60 


400 


10 


0.5 1 




600 






400 


10 


0.6 




600 


TEB 


40 


400 


10 


0.2 


/I— :> 


600 






400 


10 


0.8 



[0 12 7] $SClft>5) v- U >^!0/:i60M 
j¥^ii:> ft*fl9*wttspi&#T*^Xo#Sj5 0-1 5 0 
%. <fc L < li^fcjtfr^M X<A6 0 - 7 5 

a6£o PVDS^OCVDliBSLt, HBSO>*'h* 

fc**<b. :^ftS«ii«lttM0J:^v^>7t 

[0 1 2 8] Ell 1 *#BRi-*i:^ v-U > 1 4 8 
«OC V D £ tzit P V D \ZX 19 Sid££ ft* 4 tf, 
*fti±±E^H*Sftfc7 r n-fe^jc!S£v»fl|**ft*^-f 
^f7^^1/-v7^>^i 1 5 0Sr#^o BEKJb 

ft»'<y 7«^snxTtDjtB*«»*****»*o ^ -< 

->^Jf 1 5 Oti. «iL»fW/T i N. W/WN, T i 
/TiN, Ti/WNWSf7^V^X^ 1 J77^ 

[0 12 9] S4 60^!lTNi. 7Ji(i^«±^E«^ 



40 



50 



JSCTWN/T i N^M V >f -V — (bi layer) 

layer) 4)^ ft < t 1 o liSiSE v/UftAL 

i:3>7*-vjl/4ALDytH:^OjS*kLt, 7 ^ 
t-15 0 ($tzl**<Dip(0&%:< ti> lootrv^f 

[0 13 0] L*Lft**fe, '✓- , J>J r ll48li:o 

2-t*co«-iStf&o «*>»SL<«i. K*4y-'J> 
l 4 8«i. #T^ny*>^* fcliyv^^^lS* 

-y 1 4 8 *Si^i-*^a6tiCffl^ft ; 5>t&^*> 

U i ft 6 v^i* ft^Srttffli" h Z. t #r § * o fl£ 
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ot, ALD5-<->^150l±iyF4L< I4-><';tJ1 

[0 13 1] fa7*^y>j|l^'J T--Xl-^ 
v\ #i:a^*Ktttttiill4*7 ^ ? - 1 1 (> i:, 7 
-f-V^Sl 5 O^&JSaibt^V T^^Cm*') Tffi 

BfbWUi, »* L < I4ft2 0 A 4 »>**vM¥**tf1- 

* ft v> x ^ 7** /< U - S> 14 , *6iif ttfflil X tfigmi* k* 
77D7m3V^^ htfT 6 2MF W>^6 0<9 

ftoT, t'7 6 2 4 3 <0^Jga^%7-f "J— 14, »4L< 

2 0 0 AJaT-C** o 4*)#4L<I4, » 4 Lv»HJS» 
«O^JRa^b»Ji#H2 OA- 1 0 OA, &t>*fit#4 L 

< i4 & 4 o a - 8 o A<om±m zr-mmzti&o 

[0 13 2] »4 Lv^ftT-C, «^»3ttt*«*«'; if 
Hj3V»"C, T i NI4ft0. 3 5 A/t'f * >Vf jffift L, 

*0*S*, fRJi£1ik*Bjh-*-*§«i-c+#4T i N^'J 7 
fS«-^fiE1-4 7ti«)trSf4 L< I4ft5 0-9" -f ?^W±, 4 
•)»* L< (4ft 6 0 - 3 0 0-9--Y *t» 4 L < 14 

ft 6 0-2 0 0-9-4 * )lstffifrti h 0 
[0 13 3] BE*E<7>4 *9MB»KB««>*tt«, 

Aligns*., SiK(-ie5v>^7--> -f-k/^- v (tfT«0JS 
cOv 4 ^-WJ?<^i LTt*T<0fJJ^(7)'7-i'-f-C»J¥^O 

0, !|f(:5'ft- 1 5 0tp<DALDBl&2tltz7 J )1<A 
(4, »4 L< t4ft 9 0%4 <> 4 t)#4 L < 14ft 

93%i^^<, 4ft-»4 L< I4ft9 7%4 

10 13 4] 1 1 *&m-t2> v- Ki 1 5 5 

li&SKI&tT^'f ■=■ 1 5 0±lc3gJS$ii&o EE 

j£c9 4 -5 IC> -?"<D4 -9 * v- KS 1 5 5 14. 

m%.* ?*k.x *)mmz*i* ?4=-*ym 1 5 o&m± 

L.v. ^iT^ffT, v- Kg 1 5 5I4PVDIC4 
l). 4 L< (4C VDK4 ») , **>$?4 L < 14 A L 

> hr-i4, * >^^r>(4m^> ^ov- vmt Ltr 
4fwi4M'jT^* t +53-tc^me (Mi. if. a-ft^v^x 
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[0 13 5] JfcKEI 1 2 5r#fi?,-r*i:, 5'f->^$*t 
^^•v->>fi?itl4^(cSS^^mt4^^JS 1 6 OTj^jt 

V* y r-T-14, 7jp5-^aoJ:9 fc&Stt&S&Uv' 
v> Y U>f-SO f kTTffi3iUjl»E(reflow)1-^<D : Sr|i)tt 

10 

[0 13 6] JfeCBl 3t#.It*i: 4 ««aH4*K*b 
^Kj^SttWS (CMP) Jfcli«Wi7f A^yn-t 

* h (integral contact) 18 0 *Jn-frZ> h 6 0 ft 

tc53-«tS*lfc"7.>r > 1 7 0 7-f 5-&JR1 6 0 

<7>t£ffel4, **7 r D-fe^rtiX«fg|*«<*f,i5)**ajj! ! 

m<o m <7?M7j 43 v> r mot £ z> 0 

[0 13 7] ±EO*»W»4»5tO#4Lv»||Ms88«(c 
20 B^t,^T-*^do tHlx(4. -/n-t^*«Afltfl«jc4#8U*9 

7y> #«-(bcO J6 co#giJ ft -7° o -b X 7 d - ft Wfil j£ 
Mtp $ itfc^ffijWH—tt**-*- iSS©^ * - a o 4 ^ 

^')x->3 > *m%&-t 7 o ZbiZ^ HMD®. 
Lr^*#KI4^fe*»-C*%-9o ftoT, *^W«4. » 

[HI] h l/^fS^nV^^ h tT74'7'f->^t 

-2., ft*o^-'j Tm^-t z>t* 3-r k *sym&<r>m 

[12] H 1 mftfc, ^.T--^^ 1 ? >L.fc&8tH]F&<0 

[113] 4 n&mmmmx'ftm-t&miz, ^ta^ 

40 hit, f-*j.r;i/^-7v>ffijt?rv'f->^-f ^.^-ffi^ 

[114] «^©iftL^Il«i:SotA*'J7i 
^^•i-^/cftoaifiWsfc^^n-BI. 115-1314, 

fc, jifl L^fi7Ji'^-7->>7'D*^7D-t:tSo 
[115] y<'JTJS5K XOTSBffiSaaWO-WSr® 
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[0 6] 3-y*A\> y TTfXli^- K*7X ^543&**ft* 




14, 


14a 






15, 


i5a mm&nv^)T 


[07] 7^^S^X7f->^Vn-tX^ BBDSB55 




16, 


16a M/>f 


<a/<* ->£.xy h y -/54^JEJftLfclfeOH6 0fl| 




19, 


19a x^f^^yH 






20, 


20a 3 9 b fc? T 


[H8] »2X«i±»«Wi564 f iyf-^ h ^^54 




21, 


21a CMP^lte 






22, 


22a ftl7^t- 






26, 


26a ±ffin-^- 


[13 9 a] h U>f-60 (lo^$*iTv*£) SVa > 




28, 


28a ±S1$3-^- 


*^htfT62 ( 1 07F£*tTW>&) ? f" V ^ $ *U 


10 


30, 


30a 1 eris 






50 


»lXliTSP*6»« 


i"o B9b-9ett*aafl9# r -^->>*a*r*1"o 




51 




[i9b] 7^^(0U77^f > btf)j|S*. «fc ^ 




52 


aum*^ i«7^f>, ma*?- 






54 




;l/^y>1tig£^LTv*& 0 




55 




[|9c] ^i:7>K^tLT (landed) V*4:V^ /J> 




56 


*2Xli±8M8»i 






58 


«2i7f> ^XJiCMP* b ? 


72*^Tl-£n * b VfT62Sr^LTV^ 0 




60 




[i9d] \£T#Y & frh<DWiRfo^v*>y<Olfc^ 




62 


n>^^ her 
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70 




[0 9 e] 7* b Uv^ b 4rBft*i-*HI. *ft*JB5(k 5 




72 








74 








80 




[010 a] b VVf-eO&tffcT T62**y- U y VMU 




120 




8t7-<- > ^ $ ti?z'<k<Dm 9 aO t-^ T ;v ^"V y >flf jfi 
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[010b] ffi k #^50*^ Jtt*f»Ov h'J^7 
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fg2**7 
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[0 11] ~>^Jf lSO^tfy- KJB155t?SfeK 


30 


132 
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136 


*4^ e 7 


[0 12] i%«mi4^®16OT^«^^^011<7)T y ^ 




138 








140 




[013] <b*W««¥ffl<t (CMP) XiiffiO J- ? f- 
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148 


y-y 


>f >17O^^1-^)0 1 2 0**^vy >fl|jt*^LTV> 




150 


^ - > ^/f 


*E> o 




155 


y- K* 
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170 
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